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Abstract 
Import of rice as staple food is increasing every year following the increase of Indonesian population. Therefore, staple food 
diversification as rice substitute is needed by promoting glutinous corn rice. Glutinous corn rice is consumable for human and 
can be made only from local waxy corn. The problem is that the production rate of waxy corn is still low that the availability of 
main ingredient of glutinous corn rice is limited. Therefore, the production of waxy corn should be increased while efficient 
application of fertilizer is maintained. The objectives of this research were to increase the production of waxy corn, make the 
usage of phosphate fertilizer more efficient and produce main ingredient of glutinous corn rice. The expected specific target was 
to make a recommendation about how to increase the production of waxy corn and produce main ingredient of glutinous corn 
rice. This study was performed using randomized two-factor factorial design. The first factor was phosphate solvent extraction 
(E) consist of without extraction (control, E0) and with extraction (10 L.ha-1, E1) while the second factor was SP-36 (P) 
fertilizer, consist of without SP-36 (control, P0), 50 kg SP-36. ha-1 (P1), 100 kg SP-36. ha-1 (P2), and 150 kg SP-36. ha-1 (P3). 
The results showed that the application of phosphate solvent extraction 10 L.ha-1 increased the length and diameter of cob and 
the combination of phosphate solvent extraction 10 L.ha-1 and 50 kg SP-36. ha-1 increased the production of dried seed per 
hectare. Moreover, application of phosphate solvent extraction decreased the usage of phosphate fertilizer. 
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1. Introduction 
Agriculture is still an important sector that consistently becomes one of the priorities to support other main 
programs. Increase of corn production including local waxy corn needs special concern by utilizing the available 
natural resources. Production of local waxy corn is less than optimal because of several factors such as improper 
management of local waxy corn as interval plants and relatively having no commercial value so that the availability 
is limited. Local waxy corn has many advantages compared to yellow corn that it can be rice substitute to support 
food security program. 
Waxy corn cultivation need fertilizer as essential mineral sources and need to be well applied in order to produce 
local waxy corn optimally. However, the high price of fertilizer make farmers reluctant to use fertilizer as 
recommended. Therefore, fertilizer must be applied efficiently to be well dissolved and sufficient for plants, so that 
the budget for fertilizer can be minimized. Application of fertilizers especially fertilizer P is normally not fully 
absorbed by plants, some of them is bonded to Al and Fe in soil (Hardjowigeno, 1992). Therefore, it requires extra 
efforts to release P bond from soil and be absorbed by plants. Study shows that the extraction of banana hump and 
stem contain phosphate solubilizing microorganism (Pratamaningtyas, 2011). However, that study was conducted in 
laboratory and should be applied in the field by making it into various treatments in order to produce local waxy 
corn optimally to be made into glutinous corn rice as had been done through this current research. 
One of the indicators of field productivity decrease is the ineffectiveness of fertilization. The addition of fertilizer 
dosage intended to increase production is not able to provide expected results. Fertilizers applied to the field are not 
all dissolve to soil; some of them is bonded to Fe and Al, make fertilization inefficient (Hardjowigeno, 1992). Study 
conducted by Pratamaningtyas (2011) found that extraction of banana hump and stem contain phosphate solubilizing 
microorganism. From isolation, identification and solubility assay of phosphate solubilizing microorganism in 
banana hump and stem, one isolate that has fast and strong ability in dissolving phosphate is found. It is called 
isolate-1, Serratia marcescens, with the ability of dissolving P as much as 357 mg/L quantitatively. According to 
Ohio State University Extension (2010) in Rouf (2010), waxy corn contains 100% amylopectin while common corn 
contains 75 % amylopectin and 25 % amylose. 
Waxy corn is local corn that grows in some areas of Indonesia and consumed as boiled corn, corn cake, and 
baked corn. It has been developed into instant corn rice because of its nutritious and delicious taste. However, the 
potential production rate of waxy corn is very low, less than 2 ton per hectare. Waxy corn is also very sensitive to 
mildew disease (Perenosclerospora maydis L.), even though it can tolerate drought (Makkulawu et al., 2012). The 
objectives of this research were to increase the production of waxy corn, make the usage of phosphate fertilizer 
more efficient and produce the main ingredient of glutinous corn rice. 
2. Material and Methods 
This research was conducted in a randomized two-factor factorial design. The first factor was phosphate solvent 
extraction of banana hump (E) consist of without extraction (control, E0) and with extraction (10 L.ha-1, E1) and the 
second factor was fertilizer SP-36 (P) consist of without SP-36 (control, P0), 50 kg of SP-36. ha-1 (P1), 100 kg of SP-
36. ha-1 (P2), and 150 kg of SP-36. ha-1 (P3); replicated three times. We measured the dried mass of plant, the 
diameter and length of cob, the production of dry seed per hectare, and the efficiency of P usage. This research was 
conducted in dry land of Makassar, South Sulawesi, from February to June 2015. 
3. Result and Discussion 
3.1. Dried mass of plants (g) 
Application of phosphate solvent extraction and phosphate fertilization relatively increased the dried mass of the 
plants. The usage of phosphate solvent extraction 10 L.ha-1 and 50 kg SP-36 tended to increase the dried mass of the 
plants compared to other combinations. One of the components that affected the dried mass was the height of plant. 
Figure 1 shows that the combination of phosphate solvent extraction and phosphate fertilization is generally better 
than without the phosphate solvent extraction and fertilization (control). Analysis of variance does not show 
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significant effect but the potential of increasing the dried mass of plant is observed. It indicates that the availability 
of phosphate in soil and the application of phosphate solvent extraction streamline the process of nutrient P 
provision to be used in the growing process of plant. It is in accordance with the study of  Khan et al. (2014) that 
nitrogen (N) and phosphorus (P) fertilizer increased the height of corn plants and other product components.  
 
 
 
Fig. 1. The dry weight of corn plants in the treatmen of phsphate solvent extraction and phosphate fertilizer 
Note: E0 = no phosphate solvent extraction; E1 = phosphate solvent extraction 10 L.ha-1; P0 = no fertilizer SP-36; P1 = fertilizer 50 kg SP-36.ha-1; 
P2 = fertilizer 100 kg SP-36.ha-1; P3= Fertilizer 150 kg SP-36.ha-1. 
3.2. Length of cob (cm) 
Analysis of variance shows that phosphate solvent extraction (E) is significantly effective, while P fertilizers and 
its interaction are not significantly effective in increasing the length of cob. 
Table 1. The length of cob on various treatments of phosphate solvent extraction and fertilizer P 
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Note: Figures followed by the same letter are not significantly different at the level of 0.05 Duncan test. E0 = no phosphate solvent extraction; E1 
= 10 L. phosphate solvent extraction ha-1; P0 = without SP-36; P1 = 50 kg SP-36.ha-1; P2 = 100 kg SP-36.ha-1; P3 = 150 kg SP-36.ha-1 
The result of Duncan analysis in Table 1 shows that the longest cob in phosphate solvent extraction  group is 
significantly different from the control group. It indicates that phosphate solvent extraction can modify mineral P in 
soil to be available for plants. Mineral P is required not only in rooting improvement but also in reproduction phase. 
This is in agreement with the study of Yafizham (2003) that phosphate solubilizing microbes individually increased 
the plant production about 20% to 73% and directly increased the dissolution of P in soil so that the availability of P 
in soil was increasing. 
3.3.  Diameter of cob (cm) 
Analysis of variance shows that phosphate solvent extraction (E) group is significant effective while fertilizer P 
and its interaction have no significantly effective to increase the diameter of cob. Table 2 shows that the longest 
diameter of cob is shown in phosphate solvent extraction group and significantly different from control group. It 
indicates that the microorganism in phosphate solvent extraction help to dissolve mineral P in soil to be available for 
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plants. Mineral P is required not only in rooting improvement but also in reproduction phase, including enlarging the 
fruit diameter. This is supported by the study of Sharma et al. (2013) that phosphate-solubilizing microorganism 
increased the availability of P in soil and the productivity of plant, decreased the environmental damage caused by 
inorganic P fertilizer, and sanitizes soil.  
Table 2. The diameter of the cob on various treatments of phosphate solvent extraction and fertilizer P 
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Note: Figures followed by the same letter are not significantly different at the level of 0.05 Duncan test. E0 = no phosphate solvent extraction; E1 
= 10 L phosphate solvent extraction ha-1; P0 = without SP-36; P1 = 50 kg SP-36.ha-1; P2 = 100 kg SP-36.ha-1; P3 = 150 kg SP-36.ha-1 
3.4. Seed dried mass per hectare (t) 
Analysis of variance shows that phosphate solvent extraction, fertilizer P and its interaction are significantly 
effective. Table 3 shows that the combination of phosphate solvent extraction 10 L.ha-1 treatment and fertilizer 150 
kg SP-36/ha (E1P3) dosage has the highest mass and significantly different from other treatment combinations 
except for two groups, the combination of phosphate solvent extraction 10 L.ha-1 and 50 kg SP-36 (E1P2) group, 
and phosphate solvent extraction 10 L.ha-1 and 100 kg SP-36 (E1P2) group. The lowest seed mass per hectare is on 
the combination of without phosphate solvent extraction and without fertilizer P group. 
Table 3 shows that the higher the fertilizer P dosage in the area treated with phosphate solvent extraction, the 
heavier the dried seed mass per hectare. This is because of the work of microorganism in phosphate solvent 
extraction that helps in dissolving mineral P into soil. It is in accordance with the study of Dermiyati et al. (2009) 
that mineral P absorbance in high amount indicated the role of phosphate solubilizing microorganism in dissolving 
phosphate. That role was observed in the amount of P transported by rice plant which was around 21.28-30.67 kg ha-
1, even though the availability of P after the application of Bokashi fertilizer was relatively low, around 6.66-19.98 
kg ha-1 which then dissolved the insoluble P into soluble P as much as 9.98-16.51 kg ha-1. This availability of 
mineral P for the plant caused the rice crops produce well. 
Table 3. Weight of dry seed products per hectare in various treatments of phosphate and  fertilizer P 
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Note: Figures followed by the same letter are not significantly different at the level of 0.05 Duncan test. E0 = no phosphate solvent extraction; E1 
= 10 L. phosphate solvent extraction ha-1; P0 = without SP-36; P1 = 50 kg SP-36.ha-1; P2 = 100 kg SP-36.ha-1; P3 = 150 kg SP-36.ha-1 
3.5. Efficiency of P Usage 
Analysis of variance shows that phosphate solvent extraction, fertilizer P and their interaction are significantly 
effective. Table 4 shows that the combination of phosphate solvent extraction 10 L.ha-1 and phosphate fertilizer 50 
kg SP-36.ha--1 (E1P1) makes the usage of P by plants more efficient and is significantly different from all treatment 
combinations. It indicates that the application of phosphate solvent extraction 10 L.ha-1 needs only 50 kg of SP-
36.ha-1 as additional fertilizer P to increase the production of corn. Application of phosphate solvent extraction made 
the usage of fertilizer P more efficient because P element both bonded in soil and additional P was well dissolved by 
the help of microorganism in the phosphate solvent extraction to make P available for the plants. It is in agreement 
536   Edy and Baktiar Ibrahim /  Agriculture and Agricultural Science Procedia  9 ( 2016 )  532 – 537 
with the study of Plante (2007) that phosphate-solubilizing microorganism played important roles in dissolving 
insoluble P in soil. 
 
Table 4.  Efficiency of P usage in the various treatments of phosphate solvent extraction and fertilizer P 
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Note: Figures followed by the same letter are not significantly different at the level of 0.05 Duncan test. E0 = no phosphate solvent extraction; E1 
= 10 L. phosphate solvent extraction ha-1; P0 = without SP-36; P1 = 50 kg SP-36.ha-1; P2 = 100 kg SP-36.ha-1; P3 = 150 kg SP-36.ha-1 
4. Conclusion 
Based on this research, it can be concluded that: (1) Application of phosphate solvent extraction 10 L.ha-1 
increases the length and the diameter of the cob; (2) Application of phosphate solvent extraction 10 L.ha-1 and 
fertilizer P 50 kg SP-36.ha-1 combination optimally increases the seed dried mass per hectare; (3) Application of 
phosphate solvent extraction makes the usage of phosphate fertilizer more efficient; just need 50 kg of SP-36.ha-1 
additional dosage. 
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